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Abstract 
Riparian ecosystems are an important transition zone between river ecosystem and the terrestrial ecosystems and play 
an important role in the global carbon cycle of terrestrial ecosystems. The study was carried out in littoral in XiangXi 
river, which was the larger tributary and nearest to the Three Gorges Dam. Gas exchange rates were measured to 
explore the main factors controlling the carbon flux of littoral in XiangXi river using chamber method during water 
discharge in 2011. The results showed that in the early of water discharge, net ecosystem exchange (NEE) of 165-
175m a.s.l. was 2.17±0.53μmol m-2 s-1, which was markedly lower than that of over 175m a.s.l. (-1.04±0.62μmol m-
2 s-1, P <0.05). Total ecosystem respiration (TER) of 165-175m a.s.l. was 3.21±0.52μmol m-2 s-1, which was little 
lower than that of over 175m a.s.l. (3.79±0.94μmol m-2 s-1), but there was no statistically significant difference 
(P>0.05). The study indicated that being experienced flooding, the lower areas in littoral of the main stream of 
Xiangxi river might be a weak carbon source due to lower vegetation cover, higher soil water content and different 
soil microbial in the early of water discharge. 
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Introduction  
Riparian ecosystems play an important role in the global carbon cycle of terrestrial ecosystems, although 
they account for fewer areas in the entire terrestrial ecosystems. Material and energy can be exchanged in 
riparian ecosystems, which are an important transition zone between river ecosystem and the terrestrial 
ecosystems. With more adequate water supply, riparian ecosystems have a larger carbon flux typically. 
Meanwhile, the riparian ecosystems may also be subject to regular flooding, which can directly affect the 
plant physiological ecology activities and also bring lots of nutritious substances for the riparian, thus to 
affect the riparian ecosystems carbon flux. Since the original fast-flowing river ecosystem has been 
changed into large areas of wetland ecosystems, the construction of the Three Gorges Dam has 
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significantly changed local ecological environment, which would inevitably affect the carbon and water 
cycle. The study was carried out in littoral in XiangXi river, which was the larger tributary and nearest to 
the Three Gorges Dam. Gas exchange rates were measured to explore the main factors controlling the 
carbon flux of littoral in XiangXi river using chamber method during water discharge in 2011.  
1. Material and methods 
Our study was carried out in the main stream of Xiangxi river at Xiakou town. The subtropical 
continental monsoon climate in this area is characterized with an average annual precipitation of 900-
1200mm. Secondary forest and farmland are dominated below 600m a.s.l., and the herb community are 
distributed below 175m a.s.l., where bermudagrass (Cynodondactylon (Linn.) Pers.) is the predominant 
species.  
In mid-March 2011, three typical sites were selected, and 3-5 sampling plots were randomly set in 165-
175m a.s.l. and over 175m a.s.l. respectively. The measurement device was composed of transparent 
assimilation box (above 95% light transmission), EGM-4 portable CO2 analyzer (PP Systems America 
Corporation) and batteries. The transparent assimilation box is 0.5 m×0.5 m×0.5 m. Two fans were 
installed inside to mix and a digital thermometer was installed to test air temperature. This system was a 
closed system. Data were manually recorded once every 5 seconds, and each plot was measured 2min. 
Total ecosystem respiration was determined by chamber with a covering (the outer layer is white and the 
inner black).  
Soil respiration and soil temperature (0-10cm) were measured with EGM-4 portable CO2 analyzer SRC-1. 
Soil samples (0-10 cm) were collected with a diameter of 5 cm soil driller at each sampling plots. The 
soils of 6 drills adequately mixed in each sampling plot. Litters, visible soil fauna, root, stones and other 
debris were all removed, and 500-600g was reserved by quartering. Soil samples were divided into two 
parts, one for the determination of soil physical and chemical properties, and the other was kept in fresh 
barrels for the determination of soil heterotrophic respiration and soil microbial biomass.  
2. Results 
2.1 Soil physical and chemical properties in littoral of XiangXI river  
Soil physical and chemical properties of different heights in littoral of XiangXI river were showed in 
Table 1. Soil water content (SWC) at 0-10cm deep of 165-175m a.s.l. was significantly higher than that of 
over 175m a.s.l. (P <0.05). Soil temperature (Ts) of 165-175m a.s.l. was lower than that of over 175m 
a.s.l. (P >0.05). Soil microbial biomass carbon (MBC) and soil microbial biomass nitrogen (MBN) of 
165-175m a.s.l. were higher than those of over 175m a.s.l., while soil microbial biomass carbon/ nitrogen 
of 165-175m a.s.l. was lower than that of over 175m a.s.l., but their differences were not significant 
(P >0.05). 
 
Table1 Soil physical and chemical properties of different heights in littoral of XiangXI river (mean±SE) 
Different letters in the same column indicate significant difference at 0.05 level. 
Height [m] Soil water 
content [%] 
Soil 
temperature 
[ ]ć  
Soil microbial 
biomass carbon 
[mg kg-1] 
Soil microbial 
biomass 
nitrogen [mg kg-
1] 
Soil microbial 
biomass 
carbon/ 
nitrogen [%] 
165-175 16.06±0.51a 16.18±0.46 115.53±19.20 105.42±36.24 2.25±0.64 
>175 10.83±0.76b 16.70±0.80 89.11±15.28 39.13±7.55 3.45±1.15 
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2.2 Ecosystem gas exchange rate in littoral of XiangXI river   
In the early of water discharge, net ecosystem exchange (NEE) of 165-175m a.s.l. was 2.17±0.53μmol m-
2 s-1, which was markedly lower than that of over 175m a.s.l. (-1.04±0.62μmol m-2 s-1, P <0.05) (Fig 2). 
Total ecosystem respiration (TER) of 165-175m a.s.l. was 3.21±0.52μmol m-2 s-1, which was little lower 
than that of over 175m a.s.l. (3.79±0.94μmol m-2 s-1), but there was no statistically significant difference 
(P>0.05) (Fig 2). NEE is the difference between gross primary productivity (GPP) and total ecosystem 
respiration (TER), thus GPP was calculated as [1]:  
GPP = -NEE + TER                                             ˄1˅ 
The results showed that GPP of 165-175m a.s.l. was -1.03μmol m-2 s-1, much lower than that of over 
175m a.s.l. (-4.83μmol m-2 s-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3 Soil respiration in littoral of XiangXI river  
In the early of water discharge, soil respiration of 165-175m a.s.l. was 1.55±0.11μmol m-2 s-1, distinctly 
higher than that of over 175m a.s.l. (0.45±0.12μmol m-2 s-1) (P<0.05). 
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Fig. 2 Net ecosystem exchange (NEE) and total ecosystem respiration (TER) of different heights 
in littoral of XiangXI river in the early of water discharge. 
* means significant difference at 0.05 level, negative indicates CO2 absorbed.  
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3. Discussion 
Different vegetation cover could significantly affect NEE [2,3]. In the early of water discharge, 
Bermudagrass community, most drowned dead branches,  was dominanced at 165-175m a.s.l.in littoral of 
the main stream of Xiangxi river. A few plants began sprouting, the average height was not more than 
2cm, whose GPP was -1.03μmol m-2 s-1. However, some secondary vegetations, such as Erigeron annuus 
(L.) and Medicago sativa (L.), and Brassica campestris (L.), orange trees and other agricultural fields 
were distributed over 175m a.s.l., the average height was 30-50cm, whose GPP was -4.83μmol m-2 s-1, 
obviously higher than that of 165-175m a.s.l.in littoral. Therefor, NEE of 165-175m a.s.l. showed a 
significant carbon release state due to single vegetation and lower coverage.    
Total ecosystem respiration (TER) was composed of the ground vegetation respiration (leaves, stems and 
other tissues) and soil respiration [4]. The results showed that there was no significantly difference in 
TER between 165-175m a.s.l. and over 175m a.s.l., but soil respiration of 165-175m a.s.l. was markedly 
higher than that of over 175m a.s.l. There were many factors affecting soil respiration, such as soil 
temperature, soil water content, root biomass, litter, soil microbial and soil texture [5-8]. The study 
showed that there was no difference in soil temperature between 165-175m a.s.l. and over 175m a.s.l., but 
soil water content of 165-175m a.s.l in littoral was much higher than that of over 175m a.s.l., which 
showed that soil water content was a factor affecting soil respiartion. 
Soil microbial biomass carbon/ nitrogen reflected the proportion of bacteria and fungi. The lower was soil 
microbial biomass carbon/ nitrogen, the bigger proportion of bacteria and fungi was in soil[9]. In the early 
water discharge, soil microbial biomass carbon/ nitrogen of 165-175m a.s.l. was lower than that of over 
175m a.s.l., which showed that there were much bacteria in soil of 165-175m a.s.l., while much fungi in 
soil of over 175m a.s.l. It had been shown that litter and plant debris in woodland could provided 
favorable nutrients for fungal growth and reproduction, which made a sharp increase in the number of 
fungi; but the number of bacteria decreased because they couldn’t make use of these substances. Therefor, 
the difference in soil microbial biomass carbon/ nitrogen might be caused by the difference of their 
quality of plant residues between 165-175m and over 175m a.s.l. in littoral of the main stream of Xiangxi 
river. Soil respiration decreased because fungi could transform organic carbon into more bigger inert 
humus, which resulted in reducing the effectiveness of respiratory substrate[10-12]. Thus, soil microbial 
was another important factor affecting soil respiartion. 
 
4. Conclusions 
Being experienced flooding, the lower areas in littoral of the main stream of Xiangxi river might be a 
weak carbon source due to lower vegetation cover, higher soil water content and different soil microbial 
in the early of water discharge. 
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Fig 3 Soil respiration of different heights in littoral of XiangXI river in the early of water 
discharge. * means significant difference at 0.05 level. 
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